Results and discussion ween the cell wall and the plasmalemma has been reported (Jordan 1970) . The periplasmalemma space was rather prominent in S. submargaritata and the finely granular electron-dense metal precipitates were found to accumulate in this space as well as adhered on the plasmalemma surface even in young cells exposed to iron-ore tailing materials (Fig. 1) . The plasmalemma showed an undulating appearance and produced proliferations in the form of finger-like ingrowths into the central vacuoles (Fig. 1) . The metal precipitates were found filling in these ingrowths (Fig. 1) . Later the complete separation of these ingrowths from the plasmalemma might result in the formation of metal-containing vacuoles along the inner surface of the plasmalemma (Fig. 3) . In addition, massive release of vacuoles and small vesicles from the plasmalemma into the periplasmalemma space was observed (Fig. 2) . This outwardly proliferation of the plasmalemma probably could account for the existence of large numbers of vesicles and vacuoles in the periplasmalemma space (Fig. 2) . It has been reported that plasmalemma prolife ration was of relatively frequent occurrence in plant cells (Marchant and Robards 1968) and these structures have been reported in several algae including Chara (Barton 1965 , Crawley 1965 , Fucus (McCully 1968), Eudesme virescens (Cole 1969) , and in Sphacelaria tribuloides (Galatis et al. 1977) . However, in Spirogyra submargaritata, plasmalemma proliferations are probably an unusual pheno menon which occurs only in response to certain unfavorable environment since plasmalemma proliferations are not observed in normal cells. Although vacuoles and vesicles have been reported to exist in the space between the cell wall and the plasmalemma in normal cells of several Spirogyra species (Jordan 1970) , the number of these vacuoles and vesicles was much less than that observed in the present study. Since large amounts of metal precipitates were found mainly to accumulate inside the vacuoles and vesicles along both sides of the plasmalemma (Fig. 3) , the role of these vacuolar structures formed by plasmalemma proliferations for absorbing the metal ions in order to reduce metal toxicity by rendering the non-availability of the metal ions for contact with the cellular organelles is evident. McCully (1968) and Cole (1969) also suggested a role in absorption for this membrane system in other algae. In contrast to the active plasmalemma proliferations along the side walls, only few or no outgrowth of the plasmalemma into the periplasmalemma space on both sides of the newly formed cross wall between two adjacent cells was ob served, although ingrowths forming vacuoles in the cytoplasm were detected (Fig.  4) . The fact that the plasmalemma along a newly-formed cross wall was a young membranous structure might account for the fewer numbers of plasmalemma out growths and plasmalemma-originated vesicles in the periplasmalemma space ad jacent to the cross wall.
During the continuous deposition of metal precipitates into the cytoplasm , the several large central vacuoles (Fig. 1) became compartmented into numerous smaller vacuoles (Fig. 7) until a highly vacuolated situation was established (Fig.  5) . Many of the vacuoles thus formed tended to trap and store the metal preci pitates (Fig. 5) . The ribbon-like chloroplasts eventually became distorted, pre sumably due to the active formation of new membranes during the compartmenta tion process of the large central vacuoles (Fig. 5) . The number of the chloroplast thylakoids in a stack were found to be greatly reduced and became inflated (Fig.  6 ). Lead induced chloroplast abnormality has also been reported in Stigeoclonium tenue (Silverberg 1975) . In Spirogyra submargaritata, metal precipitates were not observed in the chloroplast proper however (Fig. 6 ). Ultrastructural changes of mitochondria resulted as cadmium toxicity have been reported in Ankistrodesmus falcatus, Chlorella pyrenoidosa and Scenedesmus quadricauda (Silverberg 1976) . Also formation of intranuclear complexes due to lead poisoning has been observed in some organisms (Goyer 1973) . However, observations on Spirogyra submar garitata revealed that the structures of the mitochondria (Fig. 6 ) and the nucleus (Fig. 8) were not affected even though cadmium and lead were found present in high concentrations in both the sediments and inside the cells (Table 1 ). In addi- tion, the metal deposits were found only accumulate on the outer surfaces but not inside the matrix of these organelles (Figs. 6 and 8) .
The toxicity of heavy metals on various physiological processes of freshwater algae (Steemann and Kamp-Nielsen 1970 , Whitton 1970b , Gachter et al. 1973 , Bartlett et al. 1974 , Overnell 1975a , Monahan 1976 ) and marine algae (Mandelli 1969 , Hessler 1974 , Zingmark and Miller 1975 , Overnell 1976 ) has been well docu mented. However, very few studies on the ultrastructural changes induced by long term exposure to heavy metal environments in algal cells have been pursued (Silverber 1975 (Silverber , 1976 . In light of the fact that certain algal species can develop heavy metal tolerant populations (Jensen et al. 1974 , Silverberg 1975 , Bentley-Mowat and Reid 1977 , Harding and Whitton 1977 , Say et al. 1977 , Wong et al. 1979 , it is antici pated that the presence of special structural mechanisms exist in the algal cells, which might account for the removal or prevention of excess metal ions so as not , showing the formation of large numbers of vacuoles (V) in the central vacuole (CV).
•~16000. to affect the general metabolism or damage the sensitive structures of the cells. It has been reported that the cell wall and the pinocytotic vacuoles were such struc tural mechanisms in Stigeoclonium tenue, so that only a relatively low cytoplasmic concentrations of lead was maintained and thereby reducing the toxic effect of the lead ions (Silverberg 1975) . The metal tolerance exhibited by Spirogyra submargari tata probaly results from the partial exclusion of the metal ions by binding the metal ions within the cell wall. Brown and Bates (1972) found that in several plants, lead was taken up passively and became ionically bound to the aniotic groups in the polyuronic acids of the cell wall. Since large amounts of metal precipitates were observed in the periplasmalemma space in Spirogyra submargaritata, it is suggested that this space serves as a temporary reservior for the metal ions and delays their entrance to the cytoplasm. The plasmalemma proliferations in forms of vacuoles and vesicles are considered as an additional line of defense of the algal cells for the sequenstration of excess metal ions entering the cell. These vacuolar structures might contribute to the translocation of intracellular metal precipitates from the cytoplasm to the enlarged periplasmalemma space. When excessive a mounts of metal ions enter the central portion of the cell, the formation of numerous vacuoles by compartmentation of the large central vacuoles in order to trap the metal ions serves to strengthen the mechanisms for reducing the metal toxicity on the cell organelles. In addition, the chloroplast envelop, mitochondrial membrane and the nuclear membrane seem to be extremely effective barriers in resisting the entrance of the metal ions into these organells. Since the iron-ore tailing contains a mixture of a number of metals (Table 1) , the ultrastructural changes observed in the cells should be considered as the combined effects of these metals rather than any particular metal alone. From the results obtained in the present study, it is also suggested that the structural mechanisms of the cells for limiting the availability of the metal ions for binding with the sensitive organelles are indifferent for various metals detected.
